The singlet-doublet fermion dark matter model (SDFDM) provides a good DM candidate as well as the possibility of generating neutrino masses radiatively. The search and identification of DM requires the combined effort of both indirect and direct DM detection experiments in addition to the LHC. Remarkably, an excess of GeV gamma rays from the Galactic Center (GCE) has been measured with the Fermi Large Area Telescope (LAT) which appears to be robust with respect to changes in the diffuse galactic background modeling. Although several astrophysical explanations have been proposed, DM remains a simple and well motivated alternative. In this work, we examine the sensitivities of dark matter searches in the SDFDM scenario using Fermi -LAT, CTA, IceCube/DeepCore, LUX, PICO and LHC with an emphasis on exploring the regions of the parameter space that can account for the GCE. We find that DM particles present in this model with masses close to ∼ 99 GeV and ∼ (173 − 190) GeV annihilating predominantly into the W + W − channel and tt channel respectively, provide an acceptable fit to the GCE while being consistent with different current experimental bounds. We also find that much of the obtained parameter space can be ruled out by future direct search *
Introduction
It is well established that Dark Matter (DM) makes up about 25% of the energy density of the Universe and is about five times more abundant than ordinary matter [1] . However, its fundamental nature remains mysterious. No known particle has the properties needed to constitute the DM, whose identity thus begs for new physics beyond the Standard Model (SM). Unveiling which particle accounts for the majority of the matter in the universe is a key open question at the interface of particle physics and cosmology.
A promising candidate for DM particles are weakly interacting massive particles (WIMPs). These are generally assumed to be at equilibrium in the early Universe, but then freeze out due to the rapid expansion of the Universe. If the WIMP masses are in the GeV to TeV range, and the annihilation cross sections are of order the weak interaction scale, the relic DM density measured by experiments today arises naturally [2] .
WIMP particles appear effortlessly in many extensions of the SM that resolve outstanding theoretical and phenomenological problems which are not necessarily related to the DM puzzle. In some of these models, WIMPs can be produced in high energy colliders (collider DM searches), elastically scatter off nuclei (direct DM searches) or annihilate and produce observable particles in astrophysical environments (indirect DM searches). High-energy photons in the gamma-ray (γ-ray) frequency is the most notable search channel of the later category, as they can travel almost unperturbed from their sources to the detectors. The Large Area Telescope on board the Fermi satellite (Fermi -LAT) [3] is the most sensitive γ-ray detector in the few GeVs energy range.
At the bottom of the gravitational well of the Milky Way Galaxy, the Galactic Center (GC) is expected to be the region displaying the brightest emission of DM annihilations in the γ-ray sky [2] . However, a multitude of non-thermal astrophysical sources present in that region complicate the identification of a tentative DM signal [2] . Observations of the inner few degrees around the GC with the Fermi -LAT have revealed an excess of γ-rays [4] [5] [6] [7] [8] [9] [10] . The spectrum of the Galactic Center excess (GCE) peaks at about 1-3 GeV and its spatial morphology is spherically symmetric varying with radius r around the GC as r −2γ with γ ∼ 1.2. This emission has been found to extend out in Galactic latitude (b) up to about |b| 20
• [11] [12] [13] [14] and its presence appears to be robust with respect to systematic uncertainties [10, [12] [13] [14] [15] [16] [17] .
There is an ongoing and intense debate as to what the origin of this signal is. A tentative explanation is an unresolved population of ∼ 10 3 millisecond pulsars (MSPs) [8, 10, 15, [18] [19] [20] [21] [22] [23] [24] [25] or young pulsars [25, 26] . Nevertheless, some studies [27] [28] [29] [30] [31] [32] have pointed out about the difficulties of reconciling this hypothesis with the GCE extending out as far as ∼ 10
• from the GC. On the other hand, recent works claim that the GCE is not smooth [33, 34] , and if confirmed, this would lend support to the MSPs alternative. Another scenario put forward is a series of energetic cosmic-ray injections in the GC [35, 36] . However, if the injected particles are mainly protons, it has been shown [37] that this scenario is incompatible with the spatial morphology of the GCE in the inner ∼ 2
• of the Galaxy. In case the burst events contain protons as well as leptons, Ref [38] finds suitable models that appear fine-tuned.
Despite these astrophysical uncertainties, a DM interpretation of the GCE cannot be ruled out yet [4, 6-10, 12, 15, 24, 39] . In this context, the spatial morphology of the GCE can be accommodated with a Navarro-Frenk-White (NFW) profile with a mildly contracted cusp of γ ∼ 1.2, the measured spectrum implies a WIMP mass in the GeV energy range and an interaction cross section that coincides with the thermal relic cross section.
A recent study of the GCE [13] selected a target region (|b| > 2 • ) that excluded the core of the GC. Additionally, the systematic uncertainties in the Galactic diffuse emission were estimated in a manner that made the low and high energy tails of the spectrum more uncertain than in previous analyses [10, 12, 15, 39] , which focused on a smaller region containing the inner ∼ 2
• of the GC. Although it is possible that the greater degree of uncertainty in the tails found by [13] is due to an intricate overlap of the GCE with the Fermi Bubbles [40, 41] , it is interesting that this uncertainty also allows much more freedom for DM models fitting the GCE .
Significant effort has been made in exploring the properties of DM models that can explain the GCE while being consistent with other indirect, direct and collider constraints . Of great interest are the properties of minimal supersymmetric extensions of the SM (MSSM) [74, 83, 89, 93, [97] [98] [99] that can fit the GCE. When these extensions are studied in light of the GCE extracted from the region |b| > 2
• of the GC, the required neutralino annihilation rates to mainly the W + W − and tt channels are found to comply with the LEP or LHC bounds on sfermion masses.
Here, we do not restrict ourselves to supersymmetric models. Instead, we take the approach of studying a simplified DM model in which the DM candidate is a mixture, generated by the interaction with the Higgs boson, of a SM fermion singlet and the neutral components of an electroweak doublet vector-like fermion [100] [101] [102] [103] . This model, also known as the singlet−doublet fermion DM (SDFDM) model, is one of the simplest UV realizations of the fermion Higgs portal [104] with the SM Higgs boson as the mediator between the visible and dark sectors. In fact, the dark sector of the SDFDM model (along with the stabilizing discrete symmetry) is part of the minimal setup expected when the SM is extended by new physics which is to some extent related to lepton and baryon number conservation [105, 106] . While being free of many theoretical biases, this model allows us to extract maximal phenomenological information from a framework that is a good representation of the WIMP paradigm [100] [101] [102] [103] [107] [108] [109] [110] [111] [112] 1 . Accordingly, the SDFDM model is set to become one of the models to be implemented in future searches for DM particles at the LHC [112] and a future 100 TeV hadron collider [106, 114] .
In this article we examine the coverage of WIMP parameter space in the SDFDM model by using mainly indirect and direct DM search techniques in light of the recent detection of the GCE. We show the set of parameters in the SDFDM model that are compatible with the GCE while being consistent with current experimental bounds. Following the same methods explained in Ref. [115] we compute the expected limits in the annihilation cross-section by the Cherenkov Telescope Array (CTA) and find that observations toward the GC by this instrument will not be able to confirm this model as an explanation of the GCE. However, we find that the viable models can be ruled out by future direct search experiments such as LZ and XENON-1T, in the case of null results by these detectors. Interestingly, we show that the most recent data by LUX is starting to probe the best fit region in the SDFDM model. The rest of the paper is organized as follows: In section 2, we describe the SDFDM model and the dark matter production mechanisms. We provide details on the usage of the GCE data in Sec. 3, and our main results and conclusions are presented in Sec. 4 and Sec. 5, respectively.
The SDFDM model
The particle content of the model consists of one singlet Weyl fermion N of hypercharge Y = 0 and two SU (2) L -doublets of Weyl fermions Ψ , Ψ c with hypercharges Y = ∓1/2. These are odd under one imposed Z 2 symmetry, while the SM particles are even under the same discrete group. The most general Z 2 -invariant Lagrangian contains the following mass terms and Yukawa interactions
where the new SU (2) L -doublets are written in terms of the left-handed Weyl fermions Ψ = (ψ
, and the SM Higgs doublet is given by
T with H = iσ 2 H * and v = 246 GeV. The Z 2 -odd spectrum is composed by a charged fermion χ ± with a tree level mass m χ ± = M D , and three Majorana fermions which arise from the mixture between the neutral parts of the SU (2) L doublets and the singlet fermion. Defining the fermion basis as Ξ = (N, ψ 0 , (ψ 0 ) c ) T , the neutral fermion mass matrix reads
where m λ = λv/ √ 2, λ = y In what follows, we assume CP invariance, which allows us to set tan β as a real parameter and M D , M N and λ to be positive. Moreover, we consider only | tan β| ≥ 1 since the physics for | tan β| ≤ 1 is equivalent. Importantly, the SDFDM model considered in this study acts as a limit of the minimal supersymmetric standard model when the winos are decoupled from the spectrum and λ = g / √ 2. The Majorana fermion mass eigenstates X = (X 1 , X 2 , X 3 )
T are obtained through the rotation matrix U as X = UM Ψ , such that
where
(no mass ordering is implied) and U is a real mixing matrix. Here, the DM candidate is the lightest mass eigenstate X i . In order to compute the corresponding m i terms, we used the characteristic equation as given by
At tree level, the interaction between the DM and the SM sector is mediated by the W , Z and H gauge bosons. In terms of the Majorana and Dirac spinors χ 0 i , χ ± 2 , the interaction terms can be written as
2 The corresponding spinors are given by χ
As is usually done, we denote the lightest stable particle in our model by χ 0 , whose couplings are readily acquired from the latest set of equations. Explicitly, these are
In our model, DM particles (χ 0 ) can self-annihilate intof f , ZZ, W + W − and hh final states through s-channel Higgs and Z boson exchange and into ZZ, W + W − states via t-channel χ 0 i and χ ± exchange. Annihilations into a mixture of weak gauge bosons Zh are also possible through the exchange of a χ i = χ 0 in the t-channel or a Z in the s-channel. We remark in passing that gamma-ray lines γγ and γZ an also be produced at one-loop level.
Of particular importance for indirect detection studies in this framework is the fact that since DM annihilations into fermion pairs mediated by the Higgs are p-wave suppressed (there is no swave amplitude), the annihilations produced through Z exchange are dominant. We note that the later is also helicity suppressed, this implies that the main annihilation channel is the tt (bb) for a dark matter mass above (below) the top mass, with σv 10 −27 cm 3 s −1 for m χ 0 < m W [110] . In the case scenario of DM particles going into gauge bosons, we find that only those processes in the t-channel are relevant to our analysis as they do not suffer velocity suppression. Such a non-velocity suppression is also present in s and t channels for the annihilation into Zh. In contrast, we get that processes in which DM self-annihilates into a couple of Higgs bosons are velocity suppressed. At higher order in scattering theory the loop suppression leads to small values of the corresponding thermal cross sections [110] . One of the prime motivations of the present study is to explore the viable regions of the parameter space where the velocity averaged cross-section σv can exhibit values comparable to those predicted by the WIMP paradigm. It is in this sense that we will not consider DM annihilations into γγ, γZ, hh and bb in the discussion that follows.
Regarding direct detection, the Higgs (Z) exchange leads to spin independent (spin dependent) DM nucleon scattering. From Eq. (6) we get that the spin dependent (SD) cross section vanishes for cos 2β = 0 or |m χ 0 | = M D , implying for both cases that tan β = ±1. In the same vein, from Eq. (7) the spin independent (SI) cross section vanishes (i.e. a blind spot as discussed by Ref. 
Gamma-rays from the Galactic Center
The Galactic γ-ray intensity Φ(E γ , b, l) produced in self-annihilations of DM particles, where b and l are the Galactic latitude and longitude respectively, can be obtained from the following relation [116] [117] [118] Φ(E γ , b, l) = 1 2
which is the product of a term that depends solely on the inherent properties of the DM particle and an astrophysical factor J(b, l) accounting for the amount of DM in the line of sight. The former is given in terms of the velocity-averaged annihilation cross-section σv , the differential γ-ray multiplicity per annihilation dN f /dE γ , the DM mass m χ 0 and the branching ratio B f where f denotes the final state particles resulting from the annihilation. The astrophysical factor can be drawn as [117, 118] 
where the DM density-square is integrated along the line-of-sight s and R = 8.25 kpc is the distance from the solar system to the GC. The DM halo density ρ(r) is determined by N-body cosmological simulations, with recent studies preferring a generalized NFW profile [119] 
where we adopt the scale radius r s = 23.1 kpc and the parameters α = 1, β = 3 as default choices. Recent analyses of the GCE [10, 12, 13] find a best fit profile inner slope γ 1.2, corresponding to a mildly contracted DM halo. We normalized the density profile by fixing the local dark matter ρ(R = 8.25 kpc) = 0.36 GeV cm −3 . This was done by maximizing the likelihood of microlensing and dynamical data for the chosen profile slope (see Fig.5 of Ref. [120] ).
The γ-ray spectra (dN f /dE γ ) resulting from χ 0 annihilations was generated with the software package PPPC4DMID [121] . We noticed that for some channels, the interpolation functions provided by this useful tool are incomplete close to the rest mass thresholds. In such cases, we instead generated the spectra with the Monte Carlo event generator PYTHIA 8.1 [122] making sure that these were in agreement with the ones in PPPC4DMID for higher mass ranges.
Because of the quadratic dependence of Eq. 8 on the dark matter density, the GC is expected to be the brightest DM source in the γ-ray sky. However this region also harbours many γ-ray compact objects and the Galaxy's most intense diffuse γ-ray emission produced by the interaction of cosmic rays with interstellar material. The impact of these uncertainties in the interpretation of the GCE is currently not very well understood and is the subject of many recent studies.
There are also large uncertainties associated with the predicted signal from DM self-annihilations in the GC. The DM distribution in the innermost region of our Galaxy is poorly constrained by numerical DM-only simulations and kinematic measurements of Milky Way constituents. In principle, ordinary matter is expected to affect the inner dark matter profile obtained from simulations at a certain level. The DM density could be either flattened by star burst activity that ejects baryonic material from the inner region or steepened through adiabatic contraction. Indeed, depending on the assumed DM distribution, different estimates of the expected γ-ray emission can differ by a factor of up to ∼ 50 (see Ref. [2, 123] ).
Dwarf spheroidal galaxies (dSph) of the Milky Way are generally thought to be much simpler targets for indirect DM detection. Although their J(b, l) factor is orders of magnitude lower than that of the GC, they contain a much cleaner γ-ray background. Reference [124] shows that the null detection of γ-ray emission from such objects impose strong constraints on the properties of DM models. In the next sections, we will discuss the effects of these limits on the DM interpretation of the GCE.
Here we entertain the possibility that the SDFDM model can account for the GCE while being consistent with a variety of experimental limits on DM. This is accomplished by following closely the procedure developed in Ref. [13] and expanded upon in Ref. [97, 98] . In summary, the γ-ray fluxes obtained from our model scans are compared to the GCE data made available in Ref. [13] . In that work, the systematic and statistical uncertainties in the Galactic diffuse emission model were provided in the form of a covariance matrix Σ ij , which we use here to the full extent (we refer the reader to the aforementioned article for details on the statistical formalism and the implementation of the χ 2 function). As was done in Refs. [97, 98] , we modified the covariance matrix to also account for theoretical uncertainties in the γ-ray spectra generation. Namely, we rewrite Σ ij as
where δ ij is the Kronecker delta, d i are the measured photon fluxes and σ s = 10% is the adopted theoretical uncertainty [97, 98] . For each of the SDFDM models, we calculate the corresponding χ 2 (or p-value) and make sure that these are consistent with the null Fermi -LAT detection of γ-rays in dSphs. As recommended in the 3FGL catalog article [125] , a given source spectral model is rejected when its associated p-value is less than 10 −3 . This is the same as to say that for 24 − 4 degrees of freedom (d.o.f ), model points having a χ 2 > 45.37 are considered bad fits to the GCE. In all relevant figures, we incorporate the 95% upper limits on the value of σv as extracted from Ref. [124] .
Numerical analysis
Having identified the main annihilation channels and established the procedure to calculate the γ-ray fluxes, we move to explore the regions of the parameter space that can account for the Fermi GeV excess. Namely, in this section we determine the regions that are compatible with current constraints coming from colliders, electroweak phase transition (EWPT), indirect and direct DM searches, and then assess them in light of the quality of the fit to the GCE.
Scan and constraints
To this end, we scan the parameter space of our model by considering the following ranges for the model parameters:
Essentially, we throw darts into this large space, generating several million random model points, and for each generated point we compute the DM relic density and the direct and indirect DM observables using micrOMEGAs 4.1.8 [126] through Feynrules 2.3 [127] . Each individual model is then subjected to a large set of dark matter, precision measurement and collider constraints. In particular, we assume that the DM relic density saturates the Planck measurement Ωh 2 = (0.1199±0.0027) [128] at the 3 σ level as we are interested in considering in considering the case where this model accounts for the majority of DM. The model points are also required to be compatible with Fermi -LAT constraints coming from dwarf spheroidal galaxies [124] , as well as LUX [129] , IceCube [130] , PICO-2L [131] and PICO-60 [132] limits for spin independent and spin dependent detection studies. Since the SDFM model presents new contributions to the EW precision observables (EWPO) [102] , we impose the condition that ∆T < 0.2 given that the contribution to S is always negligible [110] . Finally, the limit obtained from searches of charged vector-like particles by LEP [133] has been taken into account by imposing the condition M D > 100 GeV in Eq. (12). Since the fit tends to be worse for large values of m χ 0 , we only considered DM masses below 500 GeV. Furthermore, as it was discussed in Sec. 2, we only studied models with m χ 0 above the W gauge boson mass. It is convenient to split the results of our scan into two different regions (DM mass ranges): one in which m χ 0 is below the top mass (Region I) and a second one in which m χ 0 is larger than the mass of the top quark (Region II).
Results
The viable models belonging to Region I are characterized for having M N ≈ M D ≈ m χ 0 , that is, the DM particle is a mixture of singlet and doublet states (well-tempered DM [108, 134] ). The non-observation of direct detection signals constrains the Yukawa coupling to small values (y < 0.2). We note that this limit excludes the MSSM value λ ∼ 0.24. However, | tan β| is not constrained to a specific value or range. Regarding Region II, our analysis shows that M N ≈ m χ 0 while M D m χ 0 . For y 0.3 the DM particle should be again well tempered (M D ≈ M N ) whereas for larger values of y we have that M D is larger than M N . In this case the upper bound y 5 comes from the Planck measurement of the DM relic density.
The viable solutions to the GCE found in Region I feature the following parameters: M N ∼ 105 GeV, M D ∼ 120 GeV, λ ∼ 0.12 and | tan β| ∼ 9 which generates a DM mass of ∼ 99 GeV with a χ 2 value of 45.3. For these parameters the dark matter annihilates mostly into W + W − . While for the Region II we found that the viable solutions correspond to the sample:
which leads to a DM mass in the range (173 − 190) GeV with σv tt / σv ≥ 0.9 and σv W W / σv ≤ 0.1. The fact that χ 0 χ 0 → tt dominates, via s-channel exchange of a Z, is reflected in the required values for y, because it controls the coupling c Zχ 0 χ 0 whenever | tan β = 1|. Note also that, since tan β > 0 and tan β = 1, the SI and SD cross sections respectively can not be zero (no blind spot occurs). This means that the hypothesis of the SDFDM model being an explanation of the GCE can be probed in future experiments (see next section). Concerning the best χ 2 obtained, we have obtained the value 38.0 which is represented by white star in Fig. 2 and Fig. 3 .
Overall, the two sets of models capable of explaining GCE have DM particles χ 0 with masses around 99 GeV and 173 − 190 GeV annihilating into W + W − and tt, respectively 3 . As explained above, all of our solutions saturate the thermal relic density, making them also consistent with cosmological constraints on dark matter.
Probing the viable solutions with future observations
The velocity averaged annihilation cross-section as a function of the dark matter mass in comparison to current indirect detection limits in different channels along with the χ 2 values found in a fit to the GCE are shown in Fig. 2 . Note that current upper limits from dSphs [124] do not presently constrain any of the viable points. This is a consequence of the imposed requirement that models must comply with the observed DM relic density. Once this condition is applied, it generally restricts the parameter space of the SDFDM model to have a σv less than ∼ 2 × 10 −26 cm 3 s −1 . Future dSphs analyses with the Fermi -LAT telescope will benefit from larger statistics and potential discoveries of new ultra-faint dwarfs. At low energies the point spread function (PSF) sensitivity for the LAT instrument increases approximately as the square-root of the observation time, while at 3 The fact that the DM should annihilate into W + W − and tt in order to explain the GCE is in accordance with what was stated in Ref. [135] . Figure 2 : The present velocity averaged annihilation cross-section as a function of the dark matter mass in comparison to current indirect detection limits in different channels. The 95% C.L gammaray upper limits from dSphs are extracted from Ref. [124] . The CTA limits correspond to future 100 hr of γ-rays observations of the GC and assume a generalized NFW profile with an inner slope of γ = 1.2. The star is the best-fitting model obtained from our scan. Vertical lines and color code are the same as in Fig. 1. high energies, the PSF increases roughly linearly with time. The γ-ray bounds reported in Ref. [124] used 6 years of Pass8 Fermi data taken from 15 dwarf spheroidals. Thus, we can conservatively estimate that with 15 years of Fermi data and 3 times more dSphs discovered (45 dSphs) in the next few years, the LAT constraints will improve by a factor of ( √ 15/ √ 6) × 3 5 compared to the current ones.
As can be seen in Fig. 2 , the 15 years Fermi -LAT forecast in the W + W − channel indicates that future dSphs observations will be in significant tension with the set of favoured models found in Region I. Although the Fermi collaboration have not yet released equivalent limits for tt final states, these should be comparable at the percentage level [121] with those in the bb channel. We thus use the latest limits accordingly, and show that Fermi -LAT dwarfs will also have the ability to test our tt solution (Region II). However, here an important remark is in order. As discussed in Ref. [136] , astrophysical uncertainties in the DM parameters can affect the expected γ-ray emission in a manner that makes the annihilation cross-section uncertain by a factor of ∼ 5 up and down. Hence, both of our solutions could in principle still escape future Fermi -LAT dwarfs limits if astrophysical uncertainties are taken into consideration. Also, as there is likely to be at least some millisecond pulsar contribution, the actual σv could be correspondingly lower and so even harder to detect.
Using the method presented in Ref. [115] , we compute the 95% confidence level upper limits on the annihilation cross section that will be achievable with the upcoming ground-based γ-ray observatory CTA [137] , assuming annihilation into W + W − and tt channels and the halo model described earlier in this paper. These limits use the 28 spatial bin morphological analysis, and include a systematic uncertainty of 1% and the effects of the galactic diffuse emission. We find the 95% confidence level upper limits by first calculating the best fit annihilation cross section, and then correctly increasing the cross section until −2 ln L increases by 2.71 whilst profiling over the remaining signal model parameters. These limits are shown in Figure 2 , and show that observations towards the GC by CTA will be unable to confirm or exclude the SDFDM model as an explanation of the GCE.
The SDFDM model can also be tested through direct dark matter detection searches. This results from either the spin-independent (SI) or spin-dependent (SD) scattering of the χ 0 particle off a target nucleus. Fig. 3 displays the predicted SI and SD cross sections for our model set together with several present and anticipated experimental constraints. Namely, we overlaid the upper limits from the LUX experiment, and the expected limits from XENON-1T and LZ [138] . As can be seen, these future experiments, in particular LZ, will be able to cut deeply into the model set and confirm or rule out the DM explanation of the GCE if it is the only extended source emitting high energy photons in the GC. We also note that available constrains from IceCube are just on the edge of probing the set of models that could account for the excess. In fact, the most recent limits on the spin-dependent WIMP-nucleon elastic cross-section from LUX [139] have begun to disfavor the best fit region. This is per se, a great example of the importance of a combined effort of different search techniques in the quest for dark matter.
Conclusions
In this work we have entertained the possibility of finding model points in the SDFDM model that can explain the GCE while being in agreement with a multitude of different direct and indirect DM detection constrains. We found two viable regions: (i) DM particles present in the model with masses of ∼ 99 GeV annihilating mainly into W bosons with branching ratios greater than ∼ 70%, (ii) and a second region where the DM particle mass is in the range ∼ (173 − 190) GeV annihilating predominantly into the tt channel with branching ratios greater than ∼ 90%. Our analysis assumed that the DM is made entirely out of the lightest stable particle χ 0 of the SDFDM model. Despite this being a very restrictive assumption, we have demonstrated that there exist models capable of accounting for the GeV excess in the GC that can be fully tested by the forthcoming XENON-1T and LZ experiments as well as by future Fermi -LAT observations in dwarf galaxies. Interestingly, the most recent limits presented by LUX are able to probe a fraction of the good fitting models to the GCE found in this work. We also showed through realistic calculations of CTA performance when observing the GC that this instrument will not have the ability to confirm the SDFDM model if it is causing the GCE.
